In 2001, a WHO Expert Consultation concluded that waiting until 6 months to introduce complementary foods to breastfed infants confers several benefits for both infants and mothers. Nonetheless, there is still controversy about this issue. In developing countries, the reduced risk of infant gastrointestinal illness and increased duration of maternal lactational amenorrhea associated with exclusive breastfeeding for 6 months make the benefit-risk ratio of this recommendation highly favorable. In industrialized countries, the case is less clear-cut, but the benefit-risk ratio is also likely to be favorable with regard to infant infectious morbidity, motor development and maternal weight loss postpartum. For outcomes such as infant growth, food acceptance and iron or zinc status, the evidence for industrialized countries suggests no particular benefit but also very little risk of following this recommendation. Some exclusively breastfed infants may become iron-or zinc-deficient before 6 months, but this can be prevented more effectively by targeted iron and zinc supplementation to high-risk infants than by introducing complementary foods. On the whole, the evidence to date supports the WHO recommendation to introduce complementary foods at 6 months, but further research in industrialized countries would be useful.
Introduction
Complementary foods are defined as the foods that are provided along with breast milk [1] . In the past, such foods were often called 'weaning foods'. However, the term 'complementary foods' is preferred because weaning implies the cessation of breastfeeding, whereas the goal is that such foods should complement breast milk, not replace it. In May 2001 the 54th World Health Assembly urged Member States to promote exclusive breastfeeding for 6 months as a global public health recommendation [2] . This recommendation Both of these were conducted in Honduras by our research team [6] [7] [8] [9] [10] [11] [12] [13] . In the first study, 141 low-income mother-infant pairs who were exclusively breastfeeding at 4 months postpartum were randomly assigned to begin complementary foods at 4 months or continue exclusive breastfeeding until 6 months. Nutrient-rich, commercially prepared baby foods were provided in jars to the former group. The second study used a similar design but was restricted to low birth weight (but full-term) infants (n ϭ 119). To date, there have been no published randomized trials of EBF vs. MBF in industrialized countries.
Several health outcomes may be influenced by the age at introduction of complementary foods, including infant growth, iron and zinc status, infectious morbidity, behavioral development and food acceptance, and maternal duration of lactational amenorrhea and the rate of postpartum weight loss. The following sections address each of these categories of outcome, with emphasis on studies relevant to comparing 4-6 months vs. 6 months as the optimal age for introduction of complementary foods.
Infant Growth
The authors of the systematic review concluded that there was no evidence for any deficit in weight or length gain among infants who are exclusively breast fed for 6 months compared to those given complementary foods [4] . This is probably because the energy provided by complementary foods largely displaces breast milk during the 4-to 6-month age interval. For example, in the first of our controlled trials in Honduras, breast milk intake decreased by ϳ100 g/day in the group that received complementary foods and were breast fed ad libitum between 4 and 6 months, but was unchanged in the EBF group [6] . Similar results were found in the second controlled trial of term, low birth weight infants in Honduras [12] . In a previous observational study in the US, the breast milk intake of infants given complementary foods at 4-6 months was significantly lower than that of infants who were exclusively breast fed for 6 months, with the difference being Ն150 ml/day at both 6 and 9 months of age [14] . As a result, total energy intake (from both breast milk and complementary foods) and growth status did not differ significantly between these 2 groups at 6, 9 or 12 months.
Other observational studies in industrialized countries have also shown little or no growth difference between EBF and MBF infants [15] [16] [17] . For example, in a pooled analysis of data from 7 studies in North America and northern Europe, infants given complementary foods (but not formula) in addition to breast milk between 4 and 6 months (n ϭ 122) did not differ from EBF infants (n ϭ 200) in weight gain (936 Ϯ 330 vs. 925 Ϯ 283 g) or length gain (3.48 Ϯ 0.96 vs. 3.44 Ϯ 0.86 cm) during the 4-to 6-month interval, with or without controlling for initial size at 4 months [1] . In a large cohort study What Is the Optimal Age for Introduction of Complementary Foods? nested within a randomized trial in Belarus, Kramer et al. [17] found that weight and length gain from 3-6 months were slightly greater in the 2,862 infants who were exclusively breast fed for 3 months and then mixed-fed through Ն6 months (MBF) than in the 621 infants who were exclusively breast fed for Ն6 months (EBF). However, the EBF group had greater length gain from 9 to 12 months and a larger head circumference at 12 months than the MBF group. In subsequent analyses of the same cohort, the MBF group was subdivided based on the types of complementary foods consumed: formula or other milks, cereals, juices or other liquids, and other solids. These analyses revealed that formula and other milks had a growth-accelerating effect on weight and length gain throughout infancy (a result that is consistent with the differences in growth observed between breast-fed and formula-fed infants [15] ), whereas the intake of cereal at 3-6 months was associated with substantially lower weight, length and head circumference gain during that interval (z-score differences of -0.29, -0.24 and -0.29, respectively), compared to the EBF group [18] . Thus, the type of complementary food consumed appears to influence the nature of the growth response.
Infant Iron and Zinc Status
There is very little information on the effects of the age at introduction of complementary foods on iron or zinc status of breast-fed infants. These two nutrients have been identified as the most likely limiting nutrients among EBF infants during the first 6 months of life [19] . Although the adequacy of certain vitamins during the period of exclusive breastfeeding may also be of concern, depending on maternal diet and nutritional status, these concerns can generally be addressed by assuring that the mother's intake is adequate (e.g. for vitamin A, B 6 , or B 12 ). By contrast, the concentrations of iron and zinc in human milk are not altered by maternal supplementation.
During the first 6 months, infant iron status is largely dependent on iron stores at birth, which are influenced by gestational age, birth weight, maternal prenatal iron status, and the timing of clamping of the umbilical cord. After birth, infant iron needs are influenced by the rate of growth and certain types of infections. Thus, although full-term, normal birth weight infants whose mothers had adequate prenatal iron status can generally maintain adequate iron status through Ն6 months of exclusive breastfeeding, certain subgroups of infants may be at risk of iron deficiency prior to 6 months.
In the first controlled trial in Honduras, very few of the EBF infants with a birth weight of Ͼ3 kg had low hemoglobin (5% Ͻ 103 g/l) or plasma ferritin (0% Ͻ 12 g/l) at 6 months of age, but in those with a birth weight of Ͻ3 kg, the EBF infants were at higher risk of iron deficiency than the infants who received complementary foods (ϳ49 vs. 27% for low hemoglobin; ϳ26 vs. 10% for low ferritin) [10] . This is not surprising given that the complementary Dewey foods were fortified with ferrous sulfate. However, the provision of free ironfortified complementary foods during the age interval of 4-6 months did not eliminate iron deficiency at 6 months. Evidence from a separate study of iron supplementation in the same population [20] indicates that iron supplements given to high-risk infants are likely to be more efficacious for preventing iron deficiency than feeding iron-fortified complementary foods prior to the age of 6 months. In the second Honduras trial, with term, low birth weight infants, there was a significant interaction effect between the provision of complementary foods and iron supplementation. Among infants not given medicinal iron drops, iron status was higher in the group given iron-fortified complementary foods than in the EBF group. However, in those given medicinal iron drops, iron status was higher in the EBF group, suggesting that complementary foods interfered with iron utilization [11] . Given the recommendation that low birth weight infants should receive iron supplements beginning in early infancy, these results suggest that exclusive breastfeeding for 6 months, together with iron supplementation, is likely to optimize iron status for such infants.
There is a paucity of data on the effects of age at introduction of complementary foods on the iron status of breast-fed infants in other countries. In a small observational study of breast-fed infants in Italy [21] , the EBF group had significantly higher hemoglobin concentration than the MBF group (117 vs. 109 g/l) at 12 months of age. Although iron-fortified cereals are usually one of the first complementary foods given to infants in the US, the bioavailability of the electrolytic iron typically used in such foods is estimated to be quite low [22] . Among the breast-fed cohort (n ϭ 173) in an intervention trial in Chile in which infants were randomly assigned to receive iron-fortified (55 mg electrolytic iron/100 g dry cereal) or unfortified rice cereal at 4 months [23] , there was no significant difference in iron status (e.g. serum ferritin) between groups at 8 months of age, but by 12 months the group receiving unfortified cereal had a lower iron status and was more likely to be anemic (10.8 vs. 1.4%). This suggests that the iron in the cereal was absorbed, but that the breast-fed infants did not benefit from the extra iron until after 8 months of age.
As is the case for iron, the zinc concentration of human milk is relatively low, and it is thought that low stores of zinc at birth may predispose certain subgroups of infants to zinc deficiency [24] . In disadvantaged populations, zinc supplementation during infancy has generally had positive effects on growth and morbidity [25] . However, in the Honduras study of low birth weight infants, there was no impact of complementary foods on plasma zinc, even though the mean zinc intake of infants in the complementary foods group was twice that of the EBF group [11] . In a randomized trial in the US in which infants at 5 months of age were given either beef or iron-fortified rice cereal as the first complementary food [24] , no effect on growth, development or biochemical indices of iron or zinc status at 9 months was observed despite significant differences in zinc intake at 5-7 months. Thus, there is no evidence What Is the Optimal Age for Introduction of Complementary Foods? that complementary feeding prior to 6 months would enhance zinc status. High-risk infants, however, may benefit from zinc supplementation.
Infant Infectious Morbidity
Observational studies in developing countries show a much higher risk of diarrhea in breast-fed infants exposed to complementary foods at 4-6 months than in those who were exclusively breast fed [1] . This difference was not observed in the two controlled trials in Honduras [6, 12] , presumably because the complementary foods were provided in sealed jars and leftovers were discarded after use, thus eliminating the risk of bacterial contamination. In industrialized countries, the study in Belarus demonstrated a significantly lower risk of gastrointestinal infection during the first year of life in the EBF group than in the MBF group (adjusted incidence density ratio 0.35 (0.13, 0.96)), even though the overall rate of gastrointestinal infection was very low [17] . Pooled results from studies in Australia [26] , Arizona [27] and Belarus [17] showed no significant differences between EBF and MBF groups in the risk of upper or lower respiratory infection or otitis media [4] . However, a recent analysis of data from a US national survey indicated a reduced risk of respiratory infection in infants who were fully breast fed for 6 vs. 4 months [28] , though it is unclear what percentage of infants in the latter group continued to be breast fed (while receiving complementary foods) through 6 months.
Infant Behavioral Development
Motor development was assessed in the two controlled trials in Honduras. In both studies, infants in the EBF group crawled at an earlier age than infants in the group given complementary foods (6.3 vs. 7.3 months in the first study; 6.8 vs. 7.4 months in the second study) [13] . In the first study (but not in the second study), infants in the EBF group were also more likely to be walking by 12 months of age (60 vs. 39%, p ϭ 0.02). The mechanism by which exclusive breastfeeding during the 4-to 6-month age interval might affect motor development is unknown. Certain constituents of breast milk (e.g. docosahexaenoic acid) are known to be associated with infant mental development, but there is little evidence that they affect motor development. On the other hand, Vestergaard et al. [29] reported that achievement of two motor skills (crawling and pincer grip) was linked to the duration of breastfeeding in a large sample of Danish infants, even after adjustment for potentially confounding variables. Thus, it is possible that a greater consumption of breast milk by EBF infants could contribute to enhanced motor development. To date there have been no published studies evaluating the effect of age at introduction of complementary foods on infant cognitive development.
Dewey

Infant Food Acceptance
Some parents and health care providers believe that there is a 'critical age' for infants to be introduced to complementary foods, and that waiting too long will interfere with the infant's acceptance of foods at a later age. This is linked to the notion of developmental 'readiness', an ill-defined concept that nonetheless has a strong influence on parental behavior. In an effort to address this concern, our first study in Honduras included an assessment of infant dietary intake at 9 and 12 months, as well as the mother's report of infant acceptance of 20 commonly consumed foods [8] . There were no significant differences between intervention groups in breastfeeding frequency, amount or number of foods consumed, percentage of food offered that was consumed, usual daily number of meals and snacks, number of food groups consumed, or overall food acceptance score. In our study of breast-fed infants in the US [14] , 4-day weighed intake records of all foods and fluids (including breast milk) were completed every 3 months. Infants in the EBF group had significantly higher intake of breast milk and lower intake of energy from complementary foods at 9 months, compared to those introduced to complementary foods before 6 months, but the differences were no longer significant at 12 months of age. As stated above, there were no significant differences between groups in total energy intake at any age. Thus, delaying the introduction of complementary foods until 6 months does not appear to adversely affect subsequent infant appetite or food acceptance.
Maternal Duration of Lactational Amenorrhea
In the systematic review conducted for WHO [4] , the authors concluded that exclusive breastfeeding through 6 months is associated with delayed resumption of menses, which can promote more optimal birth spacing in populations with relatively low rates of contraceptive use. Their conclusion was based on the results of the two Honduras trials. The difference in the percentage of mothers who were amenorrheic at 6 months postpartum was not statistically significant in the first trial (though in the expected direction), but was significant in the second trial (89% in the EBF group vs. 68% in the MBF group, p ϭ 0.02) [13] .
Maternal Weight Change Postpartum
Maternal weight change was also assessed in the two Honduras studies [13] . Maternal weight loss between 4 and 6 months was significantly greater in the EBF group than in the complementary feeding group in the first study (Ϫ0.7 Ϯ 1.5 vs. Ϫ0.1 Ϯ 1.7 kg, p Ͻ 0.05), but not in the second study. The difWhat Is the Optimal Age for Introduction of Complementary Foods? ference between the two studies is probably related to the fact that the net difference between intervention groups in milk volume, and thus in maternal energy demand, was larger in the first study than in the second. In fact, the estimated additional energy burden of exclusive breastfeeding during the 4-to 6-month interval was in close agreement with the between-group weight difference in both studies (assuming that the weight lost was nearly all fat). Thus, the results support the conclusion that the degree of breastfeeding during this time period affects the rate of maternal weight loss. It should be noted that only about 10% of the mothers in the Honduras studies had a low body mass index (Ͻ19 kg/m 2 ), so these results may also apply to women in industrialized countries. In observational studies, the effect of lactation on maternal weight loss is most evident between 3 and 6 months postpartum, when breast milk volume is still high but prolactin levels (which are thought to stimulate appetite) are lower than they are in early lactation [30] . Given the high rates of obesity among women in many countries, promotion of exclusive breastfeeding for 6 months may thus be beneficial to maternal health.
Conclusions
The evidence to date supports the WHO recommendation to introduce complementary foods at 6 months. In developing countries, the reduced risk of infant gastrointestinal illness and increased duration of maternal lactational amenorrhea associated with exclusive breastfeeding for 6 months make the benefit-risk ratio of this recommendation highly favorable. In industrialized countries, the case is less clear-cut, but the benefit-risk ratio is also likely to be favorable. In these settings, waiting until 6 months to introduce complementary foods is likely to be of benefit with regard to outcomes such as infectious morbidity, motor development and maternal weight loss postpartum. With regard to other outcomes, such as infant growth, food acceptance and iron or zinc status, the evidence suggests no particular benefit but also very little risk of following this recommendation. Some EBF infants may become iron or zinc deficient before 6 months, but this can be prevented more effectively by targeted iron and zinc supplementation to high-risk infants than by introducing complementary foods. Further research is needed to document the impact of age at introduction of complementary foods on infants in industrialized countries.
Discussion
Dr. Dewey: With regard to the effects of iron supplements, Dr. Lönnerdal, Dr. Hernell and I conducted a joint study [1] . The two countries studied were Sweden and Honduras, with the goal being to have a very wide range in iron status of the infants. It was a double-blind randomized controlled trial of babies who were exclusively breastfed for 6 months and then given other foods while continuing to be breastfed until 9 months or longer. They were randomized to receive iron from 4 to 9 or from 6 to 9 months of age, with a placebo from 4 to 6 months or from 4 to 9 months of age. We were interested in both the 4-to 6-and the 6-to 9-month intervals. We found that in Honduras, where iron deficiency is common, iron supplementation had a beneficial effect on iron status. In Sweden, where iron deficiency is not common, there was no impact on the already low rates of iron deficiency anemia. Giving iron supplements to babies who had normal hemoglobin levels at 4 months of age had an adverse effect on linear growth and it also increased the risk of diarrheal morbidity. Even in Honduras, where most of the babies were at a greater risk of iron deficiency, we found the same thing among those who had normal hemoglobin. Thus there was an interaction effect between the initial iron status of the infant and the effect of the supplement: beneficial for those who need it but risky for those who don't need it. That is why we don't recommend routine iron supplementation to breastfed infants.
Dr. Turck: I have two questions. The first is related to the Kramer study in Belarus. You said that infants exclusively breastfed for at least 6 months had a larger head circumference at 12 months of age, which is very interesting. Could you comment on that further? The second question is related to the allergy issue. Obviously the literature is controversial in that. Could you give us your own opinion; how do you feel on the issue of the optimal time of complementary feeding in infants at risk? Dr. Dewey: Those are both very good questions. For the first one, the head circumference data were analyzed as an observational study [2] . In other words, even though it was a randomized trial of the baby friendly hospital initiative, the growth data were examined by feeding mode controlling for socioeconomic status, educational level and several other variables. We have not found differences in our own population in head circumference between breastfed and formula-fed infants, but in the Belarus study they had a very large sample size, more than 17,000 infants. So it is probably a very small difference in head circumference that they detected. Whether that is biologically meaningful, I don't know. Regarding the second question on allergy, Dewey I am going to ask others in the audience to comment. I think the allergy area is so complicated that it is difficult to know where things stand in terms of duration of exclusive or any breastfeeding because of the potential exposure both in utero as well as from breast milk and other foods. I would like Dr. Hernell to talk a little bit about some issues regarding the age at introduction of complementary foods and celiac disease, because that is one issue that has come up recently.
Dr. Hernell: We have studied the effect of breastfeeding on the introduction of gluten with respect to the risk of developing celiac disease [3] . In the case referent study that we did in Sweden, we found that the most beneficial way of introducing gluten was to introduce it in small amounts and gradually, while the mother is still breastfeeding. With respect to the question whether there is a particular age window when it is more favorable to introduce gluten, the results are conflicting. We found that it was perhaps a greater risk to introduce gluten-containing foods between 4 and 6 months than before or after that age. However, age was not found to be an independent risk factor in multivariate analysis adjusting for breastfeeding and the amount of gluten. There are two other more recent studies on the development of celiac disease in infants with heredity for diabetes mellitus type-1. With respect to age at introduction being a risk factor, these two studies come to different conclusions. Hence, I don't think that we know whether there is a particular age when it is beneficial to introduce gluten. For the moment we can conclude that more important than the age at introduction is that the introduction occurs under the umbrella of breastfeeding. The question arises if, for one reason or another, a mother decides to stop breastfeeding before 6 months, the recommended duration of exclusive breastfeeding, should we recommend that the mother introduce gluten-containing foods before she stops breastfeeding? I believe it is routine in most cultures to introduce other foods during breastfeeding. Whether or not that is beneficial also in terms of developing oral tolerance to other food antigens than gluten is an unsolved question. There are very few studies that have addressed this question.
Dr. Lafeber: What always puzzles me in this type of study is how the randomization has been organized because it is difficult to have a good randomized control trial when dealing with the implementation of breastfeeding followed by weaning foods. How sure are you about the fact that the groups have been randomly divided regarding the introduction of complementary foods?
Dr. Dewey: Of course the studies in Honduras could not be double-blind because the mothers obviously knew that they were feeding other foods to their babies. I will say though that the mothers were not aware of what our objectives were or whether we had any hypothesis about what the outcomes would be. The two groups were not significantly different in any variables that would have affected the outcomes. In terms of adherence to their assignments, we had virtually 100% adherence in the solid foods group because they were given the foods free of charge. We did have a few mothers in the group assigned to exclusive breastfeeding who didn't necessarily completely adhere to that, but they gave very small amounts of food so that was not a major issue.
Dr. Giovannini: Do you have any data on 1-year lactational amenorrhea and on nipple erosion in this period? In some countries there is a risk of nipple erosion and infection due to hygiene problems. Have you any data about this from 12 to 24 months?
Dr. Dewey: For the first question, the data that I presented were for lactational amenorrhea at 6 months postpartum, when there was a significant difference. The difference was no longer significant at 12 months, which is not too surprising because we were looking for what happened right after that period of 4-6 months, and there are many other influences on what is going to happen after that. You could ask if there is any longer term consequence of sustaining amenorrhea a little bit longer during that What Is the Optimal Age for Introduction of Complementary Foods? period of time, but in any case this is what we found. I have not heard of nipple erosion as a problem in the populations that I have worked with. In most cases breast milk has some anti-infective properties that usually protect the mother's nipple as well. Unless there is some underlying immune disorder I would think it would be relatively uncommon. We do have problems with yeast infection but that is more common in industrialized countries to my knowledge than it is elsewhere.
Dr. Telmesani: I always tell the mothers that when Eve came to earth she didn't have anything but her breast milk. I believe your talk is in keeping with nature. You mentioned that in areas where there is not enough sun, vitamin D needs to be added. In Saudi Arabia we have plenty of sun but occasionally we see rickets because people there are afraid of the sun and tend to cover their babies to protect them, and so they get rickets. I think this is an issue that needs to be taken into consideration in certain societies where people think that the sun is harmful.
Dr. Dewey: I agree with you. I think the phrase I used was insufficient exposure to sunlight, not necessarily insufficient sunlight. Certainly in cultures where people are covered or use sunscreen they will not get adequate vitamin D conversion in the skin, and that is why the American Academy of Pediatrics recently recommended vitamin D supplementation for breastfed infants, beginning around 2 months of age. It is an issue that developing countries really have to struggle with because that is a difficult recommendation to implement in countries with poor resources. I think one has to evaluate very carefully whether sunlight exposure is or is not adequate in those places.
Dr. Pencharz: You fully persuaded me and provided very good data that support the WHO recommendation. I work at the Hospital for Sick Children where the first precooked infant cereals were developed by Tisdale, Drake and Robertson. At that time infant mortality in Toronto was something like 100 per 1,000 live births, and the professor of pediatrics took on these researchers to develop a precooked infant cereal with added iron and vitamins to reduce infant mortality rates. In fact they did reduce the mortality rates down to about 17-20 per 1,000 live births. So you told us when, I rather now challenge you but it wasn't your mandate to say what should we be dealing with complementary foods from 6 months on.
Dr. Dewey: Let me refer you to some documents that have been published. First there was a book published by the WHO in 1998 [4] and then an update to the book and a document published in 2003 [5] . The latter was meant for health care workers. There are 10 guidelines and for each of them there is a scientific rationale. Several of those deal with what types of food should be given, with particular emphasis on nutritional quality. The most limiting nutrients in most populations are iron, zinc, vitamin B 6 , possibly calcium and some other B vitamins. One of the conclusions is that animal source foods need to be a part of the diet as much as possible because they are the richer sources of those nutrients. If that is not possible or the amounts consumed are too small, then some sort of fortified product or some sort of supplementation is recommended. We have been doing several studies on various strategies to achieve that, either with fortified foods or with micronutrient supplements that can be added to food in the home. You are familiar with Sprinkles which Dr. Zlotkin developed, and there are other products as well. I think Dr. Desjeux is going to talk about a fat-based product developed in France that is very promising. We used it recently in a randomized trial in Ghana and it had very positive effects on infant growth and motor development. So I think we are moving forward in terms of how we approach that issue.
Dr. Butte: I want to emphasize one point that you made from WHO statement, which I think is very important, that the recommendation for exclusive breastfeeding to 6 months is a public health recommendation at the population level. You alluded to but didn't show the list of warnings that we also put in our report that it doesn't preclude growth monitoring at the individual child. So the recommendation at the clinical setting is different and we can't lose sight of that. Do you have any experience with Dewey iron drops in the clinical setting in the developing world, and is there a potential for misuse in illiterate populations?
Dr. Dewey: Let me comment on your first point and then answer the second. I think it is important to emphasize that on the individual level one always has to monitor whether exclusive breastfeeding is working. In my experience when there are problems with exclusive breastfeeding they usually occur early on, in the first few months of life, and it is not so common that a mother would breastfeed exclusively for 4 months and then have a problem with sustaining exclusive breastfeeding. Even mothers who are moderately malnourished tend to be able to continue to produce an adequate amount of milk. But I do agree that growth monitoring is important and I want to mention the new growth charts that are going to be put out next year, which were developed by the WHO based on children who were breastfed. To answer the second question, we did give iron supplements using drops in the trial in Honduras. We were worried about either misuse or toxicity, but we didn't have any problems at all. I was pleased that they used them as instructed and we had no accidents or poisonings. Now certainly it can happen and has happened, but I think the supplements are manufactured so that the dose one would get from an entire bottle would not be fatal. So I think they are safe products. The Sprinkles that I just alluded to are one possibility after the age of 6 months when you are giving other foods, but prior to 6 months we don't have too many options.
Dr. Margolis: The Canadian Pediatric Society went with the WHO recommendations, and my question relates to the American Academy of Pediatrics and practice in terms of what you presented and the clear lack of evidence in developed countries. Could you comment on why the American Academy of Pediatrics did what it did, and how do we look at the changes based on the fact that there is no good evidence contrary to using exclusive breastfeeding to 6 months?
Dr. Dewey: I am not sure I can comment on the American Academy of Pediatrics document, as I am not a member of either of those committees. In the US there is a long history of recommending 4-6 months and we have a large government program, the Women, Infants and Children Nutrition Program, that has been doing that for decades. So I think there is a lot of inertia around making a change and I think the attitude is that until there is really strong evidence to change it, they would rather stick with what they had before.
Dr. Baker: I am in the committee so I will try to make a comment. We had exactly the same literature that you had to review and we came up with different conclusions. There just didn't seem to be a significant amount of negative effects from introducing complementary feeding between 4 and 6 months. It seems as though there would be a subgroup of babies with definitely detrimental effects so that is why we came up with that recommendation of 4-6 months. It was argued long and hard and that is the reason we could not come to an agreement between breastfeeding group and the committee on nutrition. I would like to ask another question about your presentation. You presented a slide on the Honduras study where you showed that breastfeeding plus complementary feeding, the amount of breast milk went down in the mothers who were giving complementary foods, but stayed level in the mothers who were exclusively breastfeeding. At the same time those babies were growing significantly between 4 and 6 months. How do you explain that, because they weren't getting more breast milk during that time?
Dr. Dewey: We have also observed in the US and in other populations that the breast milk volume changes very little between around 2 and 6 months of age, even in exclusively breastfed infants. I think the reason is that growth becomes a lower and lower proportion of the energy requirements. I can't tell you the exact percentage at 6 months, but by that time you can grow normally with a small amount of additional energy. We have calculated whether they meet the new energy requirements that have What Is the Optimal Age for Introduction of Complementary Foods? been published, and they were right on the mark. We have observed the same phenomenon in the US too, that when babies are given solid foods they reduce their intake of breast milk and there is very little net increase in total energy intake. That has been observed in Texas as well. What is interesting though is that when formulafed infants were given solid foods, they did not reduce their formula intake, which is very different from breastfed infants. I think this raises some questions about the selfregulation of energy intake in the formula-fed group.
Dr. Macé: In the case of insufficient delivery of human milk, what will be your recommendation, to complement with infant formula or complementary foods?
Dr. Dewey: What I would say is when there is a problem, first try to understand why there appears to be a low transfer of breast milk, and work with the mother to resolve that problem. If there is no resolution after doing that (without waiting too long), before 6 months I would recommend supplementing with infant formula and not with foods. The reason for that is that the nutrient composition of infant formula is usually much better than the composition of most complementary foods. The findings from the analysis by Kramer et al. [2] in Belarus showed that cereal intake at 3-6 months was associated with potentially adverse consequences. I hesitate to make too much out of that because it was an observational study, but infant cereals in large quantities are not really what human infants were designed to consume. In evolutionary times, mothers pre-masticated meats and other food such as nuts, to feed their infants. Grains have only become a major part of our diet in the last 10,000 years or so.
Dr. Mohd Suhaimi Abdul Wahab: Do you think that in the future the recommendation will go up to 9 months rather than 6 months?
Dr. Dewey: No I don't, and the reason is that after 6 months of age infants really do need to get nutrients from other sources because by that time a larger and larger percentage of them will be running low on iron stores and probably also zinc. In addition, giving foods is important for oral development and speech because moving food in the mouth is part of normal oral development. From a practical point of view, even if you wanted to delay giving other foods to a baby beyond 6 months, it is really hard to do that because then they start grabbing and putting things in their mouths. So I don't see much of push to go beyond 6 months.
Dr. Hilmanto: Do you recommend giving iron supplements in the early infancy for low birth weight infants even though they are being exclusively breastfeeding for 6 months? If yes, when do you recommend to start giving iron supplements?
Dr. Dewey: I will do my best on that, but there may be other people in the room who would also like to answer. There is a WHO recommendation to give iron supplements to low birth weight infants beginning at 1-2 months of age. There is good evidence that low birth weight infants start running low on iron stores by around that time. The definition of exclusive breastfeeding that the WHO uses includes the use of vitamin and mineral supplements as needed. So when you are giving iron supplements to babies who are getting only breast milk, they can still be considered exclusively breastfed. In terms of when exactly to begin those supplements, I don't think there is enough research right now to know the answer to that question. Perhaps Dr. Hernell would like to comment.
Dr. Hernell: There is a study going on in Sweden right now on preterm infants and iron supplement, a control trial. There is no information as to when you should start, how much iron should be given, and for how long.
Dr. Bozo: I have a comment about the age at introduction of solid foods. For example, in developing countries a real problem is the reaction of the family to the program of introduction of solid foods. At 6 months of age we have to start introducing nutrients fortified with iron, zinc, etc., but we cannot be sure that the family will comply when we make this recommendation. There could be a risk of developing zinc deficiency and iron deficiency if the age at introduction of solid foods is delayed. Dewey Dr. Dewey: As I indicated I think that one of the outstanding issues is how to identify which exclusively breastfed infants might be at risk of iron deficiency before 6 months of age. My recommendation would be that if a baby is a full-term normal weight breastfed baby whose mother did not have iron deficiency during pregnancy, you would not need to worry about that. Otherwise I personally would recommend doing assessments at perhaps 4 months of age to determine if the baby has low iron status at that time. But as I mentioned I am not sure providing foods to them at that point would solve the problem even if they do have iron deficiency, because we still had a substantial percentage in Honduras who were iron-deficient at 6 months despite getting iron-fortified foods. But I think in terms of iron supplementation some sort of testing for those who might be at high risk would be worthwhile.
